Abstract: This paper investigates the effects of a tariff reduction on the grain self-sufficiency and the sustainability of domestic grain production. We develop a theoretical model in which trade, tariff, and supply-demand equations are explicitly included, with the classification of food importing and exporting countries. Estimation results based on panel data for 150 countries over 17 years show that the effects of domestic tariff of food-importing countries on the grain self-sufficiency rate (SSR) are positive. This implies that market expansion through tariff reduction will have a negative effect on the importing country's food SSR and sustainable domestic supply. Using the estimated coefficients on the empirical equations, we derived the elasticities of grain SSR with respect to the tariff rate of food-importing countries. Those are in the ranges of 0.221-0.387.
Introduction
The international trade of agricultural products significantly influences not only the livelihoods of millions of farmers across the world, but also most countries' food security strategies in which sustainable food supply is most important. World Bank, International Monetary Fund, and pro-liberalization trade advocates argue that trade liberalization leads to an increase in imports and a decrease in the price of imported products, thereby enhancing food security [1] . On the other side, however, it has been also pointed out that the benefit from the improvements in food security through agricultural trade liberalization is highly limited [2] [3] [4] . Trade liberalization through the reduction or removal of the import tariff has increased the demand for low-cost, imported agricultural products. At the same time, it has increased the dependency on food imports by drastically decreasing domestic food production and weakening the capacity of sustainable domestic food supply. The typical example is the wheat market in Korea. After the trade liberalization of wheat in 1983, the domestic production of wheat has dramatically decreased as the demand for imported wheat has increased rapidly. Therefore, the country has become entirely dependent on imported wheat [5] [6] [7] (self-sufficiency rate is less than 1% as of 2017). As a result, the sustainable supply of domestically produced wheat has become no longer possible. This is why the prices of wheat products in Korea dramatically increased when the world grain crisis occurred in 2008. A similar example is found for rice in Philippines. Further, many African countries that were traditionally food exporters have become food importers over the past 20 years [8] . As pointed by Clapp [9] , a country whose staple grain is under the influence of a smaller number of foreign exporters or a country at risk of trade disruptions caused by a war or other political reasons would benefit from higher levels of food self-dependency.
After the world grain crisis in 2008, concerns about food security have expanded in most of the countries that import food. Moreover, the problem of food insecurity is not only a concern for importers, but also for the entire world. In particular, food importing countries have been concerned about the sustainability of food supply. Therefore, importers and exporters began to set forth policies for securing the food self-sufficiency, since it has been regarded as one of the effective tools for achieving food security. However, trade liberalization through a tariff reduction has conflicting effects on food accessibility and availability (FAO defines food security using the indicators of "availability", "accessibility", "stability over time", and "utilization" [10] ). In this context, this paper investigates the effects of a tariff and the factors that shift food supply and demand on the grain self-sufficiency, which is a main component in defining the food security, especially from the perspective of food-importing countries.
Food self-sufficiency and food sustainability are closely related [11, 12] . The decline in the food self-sufficiency rate (SSR) means a decrease in domestic food production, which tends to result in the conversion of the agricultural land for industrial or other purposes, as we have seen in many developing countries. Therefore, once the self-sufficiency rate falls, the agricultural land which is the most important resource for food production, is likely to decrease, resulting in the difficulty of sustainable food supply within the country. This is because there is an irreversibility, which means a very high cost to restore agricultural land, when the land is converted to other uses [13] [14] [15] . In this sense, a recent study of Erokhin [12] has also used the food SSR as an indicator of sustainable domestic food supply.
On the other hand, if the food supply is dependent entirely on foreign countries due to the drop in the SSR, the impact from the overseas market such as a price spike in 2008 may lead to a sharp decline in food import. In this context, Little and Buchan [16] defined a sustainable market as a market in which self-sufficiency is maintained. Luan et al. [17] and Ahn and Han [18] pointed out that the economy of a country might have a difficulty in achieving a sustainable growth, if the food self-sufficiency is not maintained.
Many previous studies argue that tariff reduction is the main reason for the decrease in food SSR (For example, [19] [20] [21] ). If food production is concentrated in a small number of exporting countries, it may be difficult for importing countries to obtain an adequate supply of food in the event of production shocks caused by climate change such as drought, therefore importing countries may be highly vulnerable to instability, as pointed out by O'Hagan [20] , Suweis et al. [22] , Puma et al. [23] , MacDonald et al. [24] , and Clapp [9] . On the other hand of course, there are apposite views regarding the free trade and self-sufficiency. For example, Naylor and Falcon [25] argue policies intended to maintain SSR are inefficient and lead to market distortion. Clapp [26] pointed out that whether food is produced domestically or imported from abroad does not matter in achieving food security.
With growing efforts to expand the market for agricultural products through trade, it is time to verify how trade liberalization through the tariff reduction will affect the SSR of the countries over the world. It is interesting and important to see whether exporting countries export more (and as a result, SSR increases) and importing countries import more (and as a result, SSR decreases) as tariffs are lowered, which implies the progress of polarization in food self-sufficiency and uneven sustainability conditions for domestic supply. Some previous studies have partially proven that the polarization of food self-sufficiency has maintained or continued [23, 27] . However, these studies did not identify the causes of the polarization of food SSR. Therefore, the present study focuses on the reduction of tariffs as one of the most important factors in the polarization of food self-sufficiency. If there is a negative relationship between tariff rate and SSR in food-importing countries or a positive relationship between the tariff rate and SSR in exporting countries, it can be an evidence of the polarization of food self-sufficiency, which means that domestic food supply in the importing countries has no longer developed in a sustainable way.
The first objective of this paper is to measure the impact of tariff reduction on food SSR. Although there are empirical studies that tariff reduction leads to an increase in food production of exporting countries and an increase in consumption of importing countries, no study has examined the specific size of impacts on the food self-sufficiency. In this paper, we try to empirically test the fact that "tariff reduction has a negative effect on food SSR of importing countries", which is suggested by international trade theory. For this analysis, we build a theoretical model using the supply-demand framework for importing and exporting countries.
The second objective of the paper is to measure the magnitude of the effect of factors that shift food demand and supply curves, such as income or substitute prices, on food self-sufficiency. The relative comparison of the results for these measurements will reveal which factors are more important to the food SSR than the tariff rate. In this paper, to achieve this second objective, the elasticity of the food self-sufficiency rate with respect to the tariff rate is derived theoretically and its size is empirically calculated. In particular, this paper examines the influence of the factors affecting the sustainability of domestic food production in the country.
The Food and Agriculture Organization's (FAO's) broad range of food commodities includes whole edible food items, like grains (rice, wheat, and barley), as well as food items in other categories, like vegetables, fruit, meat, fish, milk, and milk products [28, 29] . However, grain is regarded as more important than other food items, like meat or seafood, thus food self-sufficiency is usually defined in terms of the staple food crops, such as basic cereals and root crops [30, 31] . Following this tradition, in this study, we only include grains in our food range, and then calculate the SSR with that limitation.
Theoretical Discussion
We define a country's grain SSR as the ratio of domestic grain production to overall domestic grain consumption, which is presented as
. The consumption Q C in this paper is calculated as [Production + Imports − Exports], following FAO [10] and Clapp [9] .
Thus, we can say that the factors that affect grain production or consumption ultimately have an impact on the grain SSR. As a representative example, if tariff reduction occurs in a small importing country, in such a situation that there is no intra-industry trade, the amount of imported grain will increase, domestic production will decrease, and therefore it will cause a decrease in the grain SSR in that country. However, this discussion is valid only under the controlled supply and demand. In other words, a country's grain SSR can be affected by other factors, such as world grain price [29] and population growth [28] etc.
The Overseas Development Institute (ODI) [2] , FAO [29] , Organization for Economic Co-operation and Development (OECD) [32] , and Brooks [33] discuss the influence of the increase in the world grain price on the food consumption and production. According to them, in the long term, this increase will negatively affect the overall consumption and production of a poor country. In addition, Sung et al. [7] insist that the increase in the world grain price can seriously influence the grain production and consumption in the importing country, such as Korea. These researches clearly suggest that world grain price must be included as a main control variable in the empirical analyses.
In order to make the discussion relatively simple, we start with the assumption that there is no trade cost between importing and exporting countries other than tariff. The second assumption for the theoretical discussion is that the importer and exporter both are small countries, thus the world grain price is given as an exogenous variable. With these assumptions, we can examine how the change in tariff, world grain price, and the shifters of supply and demand affects the grain SSR for importing and exporting countries.
The components of SSR, such as consumption (Q C ) and production (Q P ), are determined by a supply and demand curve, which means the SSR can be defined using the framework of a supply-demand model. The supply of domestic production and demand in the importing country are presented as:
where Q IP is the importing country's domestic supply, P I is the imported grain price which is the same as world price (P W ) multiplied by 1 plus tariff rate (i.e., P W (1 + t)), S SI is the supply shifter, Q IC is the importing country's domestic demand, and S DI is the demand shifter. Supply and demand in exporting country can be defined as:
where Q EP is the production, S SE is the supply shifter, Q EC is the domestic demand, and S DE is the demand shifter. Figure 1 depicts the influences of changes in international price, supply and demand shifters in the framework discussed using Equations (1)- (4). If the world grain price is P W1 , the importer's production and consumption will be determined at the crossing points of the demand curve, D I , the supply curve, S I , and the domestic price of imported grain P W1 (1 + t 0 ). The crossing points are Q IC1 and Q IP1 , therefore the importer's grain SSR will be
. In the exporter's case, the crossing points of the demand curve, D E , and the supply curve, S E , with the world grain price, P W1 , are the levels of the consumption and production. These points are Q EC1 and Q EP1 , and we can present the exporter's grain SSR as
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Supply and demand in exporting country can be defined as:
where is the production, is the supply shifter, is the domestic demand, and is the demand shifter. Figure 1 depicts the influences of changes in international price, supply and demand shifters in the framework discussed using Equations (1)- (4). If the world grain price is , the importer's production and consumption will be determined at the crossing points of the demand curve, , the supply curve, , and the domestic price of imported grain
(1 + ). The crossing points are and , therefore the importer's grain SSR will be . In the exporter's case, the crossing points of the demand curve, , and the supply curve, , with the world grain price, , are the levels of the consumption and production. These points are and , and we can present the exporter's grain SSR as .
Small importer Small exporter Figure 1 . Effects of the changes in supply and demand shifters on grain self-sufficiency rate (SSR).
If the world grain price increases from to , the importer's production will increase to and consumption will decrease to ; thus, the importer's grain SSR will increase to .
Likewise, an increase in the world grain price will cause an increase in the exported price, which means that the exporter's production increases to and consumption decreases to . This will increase the exporter's SSR to . Consequently, an increase in the world grain price causes an increase in grain SSR of both the importer and exporter. Meanwhile, if the importer's demand curve shift from and ′′ due to the change in the demand shifter, the shifting of the demand curve causes the importer's consumption to increase to , but production remains constant; thus, the importer's SSR decreases from to .
Similarly, the exporter's consumption increases to , but production remains constant; thus, the exporter's SSR decreases from to , if the exporter's demand curve shift from to D ′′.
As a result, the right shifting of the demand curve causes a decrease in the grain SSR to both the importer and exporter. If the supply curves of both the exporter and importer shift to the left due to the change in the supply shifter such as an increase in input price, the importer's production decreases from to , and the exporter's production decreases from to . Thus, the left shifting of the supply curve causes a decrease in the SSR from to and to , for the importer and exporter, respectively (all of the discussions regarding Figure 1 are based on the strong assumption that there If the world grain price increases from P W1 to P W2 , the importer's production will increase to Q IP2 and consumption will decrease to Q IC0 ; thus, the importer's grain SSR will increase to
. Likewise, an increase in the world grain price will cause an increase in the exported price, which means that the exporter's production increases to Q EP2 and consumption decreases to Q EC0 . This will increase the exporter's SSR to
. Consequently, an increase in the world grain price causes an increase in grain SSR of both the importer and exporter.
Meanwhile, if the importer's demand curve shift from D I and D I due to the change in the demand shifter, the shifting of the demand curve causes the importer's consumption to increase to Q IC2 , but production remains constant; thus, the importer's SSR decreases from
. Similarly, the exporter's consumption increases to Q EC2 , but production remains constant; thus, the exporter's SSR decreases from
, if the exporter's demand curve shift from D E to D E . As a result, the right shifting of the demand curve causes a decrease in the grain SSR to both the importer and exporter.
If the supply curves of both the exporter and importer shift to the left due to the change in the supply shifter such as an increase in input price, the importer's production decreases from Q IP1 to Q IP0 , and the exporter's production decreases from Q EP1 to Q EP0 . Thus, the left shifting of the supply curve causes a decrease in the SSR from
, for the importer and exporter, respectively (all of the discussions regarding Figure 1 are based on the strong assumption that there is no endogeneity problem related to world grain price. In other words, it assumes that the world grain price is treated as truly exogenous variable).
The effects of tariff reduction on the grain SSR are presented in Figure 2 . If the importer reduces its tariff rate from t 0 to t 1 , the imported grain price will decrease from P I to P I * , and importer's production and consumption will be determined at the crossing point where the demand and supply curves meet with P I * . Because the importer's production decreases to Q IP0 and consumption increases to Q IC2 , the importer's SSR will decrease. However, in the exporter's case, if its trading partner's tariff rate decreases from t o to t 1 , the exported grain price will increase from P E to P E * . Then, production and consumption will shift from Q EP1 to Q EP2 and Q EC1 to Q EC0 , respectively. Thus, the exporter's SSR will increase from
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The effects of tariff reduction on the grain SSR are presented in Figure 2 . If the importer reduces its tariff rate from to , the imported grain price will decrease from to * , and importer's production and consumption will be determined at the crossing point where the demand and supply curves meet with * . Because the importer's production decreases to and consumption increases to , the importer's SSR will decrease. However, in the exporter's case, if its trading partner's tariff rate decreases from to , the exported grain price will increase from to * . Then, production and consumption will shift from to and to , respectively. Thus, the exporter's SSR will increase from to .
Small importer Small exporter The derivation of the "elasticity of SSR with respect to tariff rate", one of the research objectives of this paper, depends on what type of functional form of the empirical model is applied. Therefore, this elasticity is discussed in detail in the section describing the empirical model.
In the empirical estimations for testing the theoretical expectations discussed using Figures 1  and 2 , we select the control variables of demand and supply shifters, based on the previous studies. Gerbens-Leenes et al. [34] and Tilman et al. [21] discuss the effect of economic growth on food consumption and production, by examining the change in the food supply and consumption pattern caused by economic growth (or increase in income). Ahn and Han [18] and Park et al. [5] insist that increasing income can be a threat to food security on the consumption side. Furthermore, Park et al. [35] predict that a continuous increase in the population will cause an increase in consumption and an excess demand over production. When considering these studies, we add income and population growth as representative demand shifters. Kim et al. [30] discuss that an increase in the production cost, caused by an increase in the fertilizer price, will lead to a decrease in food production. Trostle [35] asserts that increasing world input cost, like an increase in the price of fertilizer, causes a decrease in production. Reflecting these studies we select fertilizer price as a representative supply shifter. We also include meat price in the empirical equations in order to capture the substitution effect between grain and meat. Among the supply and demand shifters discussed above, the factors affecting the sustainability of domestic production of grain include international grain prices, fertilizer prices, and tariffs in importing countries. Fertilizer prices are expected to have a negative correlation with grain production, and international grain prices and import tariffs are expected to have a positive correlation with grain production for the importing countries. The derivation of the "elasticity of SSR with respect to tariff rate", one of the research objectives of this paper, depends on what type of functional form of the empirical model is applied. Therefore, this elasticity is discussed in detail in the section describing the empirical model.
In the empirical estimations for testing the theoretical expectations discussed using Figures 1 and 2 , we select the control variables of demand and supply shifters, based on the previous studies. Gerbens-Leenes et al. [34] and Tilman et al. [21] discuss the effect of economic growth on food consumption and production, by examining the change in the food supply and consumption pattern caused by economic growth (or increase in income). Ahn and Han [18] and Park et al. [5] insist that increasing income can be a threat to food security on the consumption side. Furthermore, Park et al. [35] predict that a continuous increase in the population will cause an increase in consumption and an excess demand over production. When considering these studies, we add income and population growth as representative demand shifters. Kim et al. [30] discuss that an increase in the production cost, caused by an increase in the fertilizer price, will lead to a decrease in food production. Trostle [35] asserts that increasing world input cost, like an increase in the price of fertilizer, causes a decrease in production. Reflecting these studies we select fertilizer price as a representative supply shifter. We also include meat price in the empirical equations in order to capture the substitution effect between grain and meat. Among the supply and demand shifters discussed above, the factors affecting the sustainability of domestic production of grain include international grain prices, fertilizer prices, and tariffs in importing countries. Fertilizer prices are expected to have a negative correlation with grain production, and international grain prices and import tariffs are expected to have a positive correlation with grain production for the importing countries.
Data and Methodology

Data
The measurement of SSR can be divided into four categories with data types: quantity-based food SSR, staple-grain-based SSR, calorie-based SSR, and value-amount-based SSR. This study uses the quantity-based SSR because it is an appropriate method for defining grain SSR, considering the data availability over the countries. FAO's statistics data is used for calculating the grain SSR for each country. This grain data includes production, stock from last year, import, and consumption of rice, wheat, maize, barley, and mixed grains. We use the annual data for 150 countries from 1995 to 2011, for which we could obtain data for the entire countries (the list of 150 countries is in the Appendix A).
The summary statistics for the variables used in our estimation are shown in Table 1 . We use data from the World Bank for the world grain price, GDP per capita, population, world fertilizer price, and world beef price. The average SSR for the date period is calculated to be 0.6924. The average price of rice is the highest as $365.91/Mt and maize price is the lowest as $151.51/Mt. The average GDP per capita is $8805.79 for the countries included in the analysis. A tariff rate applied by importing countries is 9.7901% on average, which is slightly higher than the one faced by exporting countries when they export grains to the partner importing countries. The average beef price is $2.68/kg during the data period. All of the price data is real price, in which inflation rate is reflected. For the world grain price data, we select Thai rice, U.S. hard red winter wheat and maize, which are the typical grain products traded in the international market [36] . We use the price of diammonium phosphate (DAP) fertilizer as the representative fertilizer price. We separate 150 countries into exporters and importers; the former refers to a country with over 100% grain self-sufficiency during the data period in the analysis, and the latter refers to a country with under 100% grain self-sufficiency. We use the "effectively applied tariff" data of the World Bank's World Integrated Trade Solution (WITS) database. As shown in Table 1 , the importer's domestic tariff refers to the tariff on imported grains in the importing country. On the contrary, the exporter's trade partner's tariff refers to the applied tariff by the exporter's trade partners (i.e., importers). In exporting, the exporter should consider the tariff on exporting products; thus, the exporter's domestic tariff is unimportant in this study. However, the WITS's data only includes the importer's domestic tariff. Therefore, to find the tariff of the exporter's trade partner, we use the average value of the importer's domestic tariff (t E = ∑ n i=1 t i n , where t E is the average of tariffs from the exporter's trading partners, t i is the importer i's domestic tariff, and n is the number of importers).
Empirical Estimation
For estimating the effect of tariff reduction on the grain SSR, we construct a balanced panel data of 150 countries over the 17 years. The discussions using Figures 1 and 2 are based on the strong assumption of exogenous world grain price. However, international price is likely to be influenced by large exporting or importing countries, which may cause a problem of endogeneity between the grain SSR as a world grain price. In other words, the world grain price causes a change in the grain SSR, but also that there is a possibility of reverse causality, which means the grain SSR can cause a change in the world grain price. This endogeneity problem may cause a biased estimator.
The endogeneity problem can be solved efficiently by including the lagged level of the dependent variable, without employing another instrument variable in the panel data estimation. However, if we include the lagged level of the dependent variables as the explanatory variables, we cannot use the fixed and random effect models. Therefore, we apply a dynamic panel model that applies the Generalized Method of Moments(GMM) approach [37] [38] [39] . Dynamic panel models are useful under the condition that the dependent variable depends on its own past realizations [39] . In this study, we use the system GMM estimator, proposed by Arellano and Bover [40] as well as Blundell and Bond [37] . The system GMM estimation approach that is applied for importing countries is set as Equation (5):
where SSR NT and SSR NT−1 are the grain SSR at T and its lagged level at T − 1; P W,T and P W,T−1 are the current and lagged world grain prices (we include both because they may have different effects on the grain SSR; the former reflects the immediate effects, whereas the latter reflects the accumulated effects of the grain price [28] ). GDP is the GDP per capita; Pop is the population; P F is the world fertilizer price; Tari f f is the importer's domestic tariff rate; P S is the world beef price as a substitute price; u is a country fixed effect; and, ε is an error term. For capturing the influence of the food crisis in 2008, we add a dummy variable of Food crisis. For running the regression based on whole countries including exporting and importing countries, empirical Equation (6) is applied.
ln SSR NT = α + β 1 ln SSR NT−1 + β 2 ln P W,T + β 3 ln P W,T−1 + β 4 ln GDP NT +β 5 lnPop NT + β 6 ln P F,T + Import · β 7 ln(1 + Tari f f NT ) +Export · β 8 Trade Partner s Tari f f NT + β 9 ln P S,T + β 10 Food crisis + u N + NT (6) where Trade Partner s Tari f f is the tariff for exporter's trade partner.
As this study uses log values on the dependent variables and explanatory variables, all coefficient estimates are in the form of elasticity. However, estimated coefficient on β 7 in empirical Equation (5) ; in other words, we can interpret this with the influence of the proportional change in 1 + t on that in the grain SSR. However, our interest is not the 1 + t; rather, we want to find the elasticity of the grain SSR with respect to tariff rate t (i.e., ε = %∆SSR %∆t ). To derive this, we apply the calculation procedure as follows:
We need to test the validity of the instrument variables when applying the system GMM estimation. The required test is for checking the exogeneity of instrument variables. In other words, the dependent variable's lagged value, which we use as an instrument variable, should have a first autocorrelation, but not a second, with the residuals. We use the Arellano-Bond's Autocorrelation of order 1 and 2 (AR (1)) and AR (2)) tests for this checking. We additionally conduct a Hansen test for verifying the over-identification problem [3] . Table 2 reports the estimation results for the variables that affect the importing countries' grain SSR. Once getting a system GMM estimator, we should check our validity for applying the model. First, we check the significance of the coefficients of the lagged dependent variable. This variable is significant at the 1% level, so we can conclude that it is proper to use a dynamic panel model. According to Models (1)- (3), if last year's grain SSR is high, the present value of the grain SSR is also high. This implies that there is a large degree of persistence of the grain SSR. One country's SSR is decided by economic, cultural, environmental, and climatic conditions. Thus, the SSR cannot change suddenly in the short term, so we can say the grain SSR is strongly time-persisting. This is proven by the strong correlation between the past and present grain SSRs. System GMM is an estimator that uses the instrument variables; therefore, we need to know the validity of the instrument variables in the model. The null hypotheses of "no second-order autocorrelation" (AR (2) test) and "over-identification of all instruments" (Hansen test) cannot be rejected. These test results confirm the validity of the instruments used. Notes: Standard errors are in parentheses. *** p < 0.01, ** p < 0.05, and * p < 0.1.
Empirical Results
Estimation Results for the Importing Countries
In Table 2 , we use the world rice, wheat, and maize prices as the representative grain prices in Models (1), (2) , and (3), respectively. In Model (1), when the world rice price increases, the grain SSR also increases, but it is not statistically significant. However, other grains in other models show significant results; thus, it seems that the world rice price cannot be the representative price of world grain. If the GDP per capita increases by 1%, the importer's grain SSR is estimated to decrease by 1.2%. The world food crisis in 2008 is estimated to cause a 0.2% decrease in the importer's grain SSR.
In Model (2), we use the world wheat price as the representative grain price, and we obtain a statistically and positively significant result for this variable. This corresponds with our theoretical discussions, as well as the findings of previous studies. An increase in the world wheat price by 1% is estimated to cause a 0.3% increase in the grain SSR. This implies that, ceteris paribus, worldwide grain price has a positive effect in achieving the sustainability of domestic grain production for the importing countries.
Other variables, such as the GDP per capita and world beef price, show statistically significant results. It is implied that when these variables increase, the importer's grain SSR will decrease, which also corresponds with our theoretical expectation.
In Model (3), we use the world maize price; when it increases by 1%, the importer's grain SSR increases by 0.26%. Similar to the results of Model (2), the GDP per capita and world beef price are also significant.
From the estimation results in Table 3 , we can confirm that the external shock of the world food crisis in 2008, which was caused by a spike in grain prices, led to a decrease in the importer's grain SSR. This crisis caused a serious food deficiency in not only poor countries, but in the whole world as well. Our results empirically prove that the grain SSR of importing countries was weakened by the world food crisis. Table 3 presents the derived elasticity of the grain SSR with respect to t (i.e., ε in Equation (9)). As indicated, if the importer's domestic tariff rate increases by 1%, then the grain SSR will increase by 0.26% in Model (1), 0.24% in Model (2), and 0.29% in Model (3) on average for the entire data period, which suggests that the elasticity of grain SSR with respect to tariff rate is inelastic. The positive correlation between tariff rates and SSR implies that an increasing tariff leads to a more domestic grain production, which may lead to an achievement of the sustainability in conserving the agricultural land.
We compare the elasticity for the OECD member and non-member countries. If the importer is an OECD member, the elasticity is slightly higher than that of a non-member importer. We also use the importer's annual average tariff for measuring the elasticity of grain SSR in 2000, 2002, 2004, 2006, 2008, and 2010 . There are no large gaps among these years. Interestingly, the lowest elasticity of grain SSR appears in 2008. This phenomenon can be interpreted as a side effect of 2008's world food crisis. Except for the results in 2008, calculated elasticities from all three models show a decreasing trend during the data period. This suggests that the degree of the response of SSR to tariff rate has been reduced. These results are due to the fact that the marginal effect of tariff reduction on SSR becomes smaller because the trade liberalization (i.e., tariff reduction) has progressed further as time goes by.
According to the value of the average tariff, the changing degree of the grain SSR shows different results. However, in Models (1)- (3), an increase in tariff rate is estimated to cause an improvement of the importer's grain SSR in common. This suggests that the decrease in the importer's tariff negatively affects the importer's grain SSR.
When comparing the coefficients on demand-supply shifters in Table 2 with the elasticities calculated in Table 3 yields interesting results. The estimated coefficients on demand and supply shifters in Table 2 are the elasticities themselves. Therefore, we can say that impact of population on grain SSR is the largest and that of GDP per capita is the second largest across all three models, in terms of the absolute values of the estimated elasticities. Influence of world grain price is estimated to be the lowest. However, the elasticities of SSR with respect to world grain price are greater than those with respect to tariff rate. This implies that the tariff rate significantly influences grain SSR, but its impact is relatively small compared to the shifters of grain demand and supply. Table 4 shows the estimation results for all 150 countries. Based on the p-values for the AR (1) and (2) tests, we can confirm the presence of first-order autocorrelation, but no second-order autocorrelation. We find that there is no over-identifying problem from the result of the Hansen test. Notes: Standard errors are in parentheses, *** p < 0.01, ** p < 0.05, and * p < 0.1.
Estimation Results for the Overall Countries
Model (1) uses the world rice price as a representative grain price, and the result is the same as the one in Table 4 : the world rice price does not affect the world grain SSR. Model (2) presents that a 1% increase in the world wheat price will generate a 0.29% rise in the level of the world's grain SSR, which is significant at the 1% level. In Model (3), a 1% increase in the world maize price will cause a 0.26% rise in the level of the world's grain SSR. Estimated results suggest that the world grain prices seem to have the largest effect on the world grain SSR than other variables. However, the rice, wheat, and maize prices in past years have no significant effect on the world's grain SSR.
The importer's tariff and grain SSR show a positive correlation, and the exporter's grain SSR and trade partner's tariff SSR show a negative correlation. These estimation results correspond to our theoretical discussion, but in the case of the exporter, the estimated coefficients are not statistically significant. The GDP per capita, world beef price, and food crisis in 2008 are estimated to cause the decrease in the world's grain SSR.
We expect that there will be a negative relationship between the population and grain SSR, but the estimated coefficients on population are consistently positive and statistically significant. This is the result of the cross-sectional effect that offsets the time-series effect. In terms of time-series data, population growth will cause a decrease in the grain SSR as time passes. However, according to the cross-sectional effect, the most populous countries have higher grain SSR because they have higher levels of consumption and production. In our panel data analysis, the cross-sectional effect is large enough to offset the time-series effect. Thus, all of the estimation results show that the coefficients in the population have a consistently positive effect on the grain SSR.
Summary and Conclusions
This paper investigates the effect of a tariff reduction on the world's grain self-sufficiency, which is a main component in defining the food security, especially from the perspective of food-importing countries.
We define grain self-sufficiency as domestic production divided by domestic consumption. Prior to the empirical estimation, we develop a theoretical model using a supply-demand framework, with importer and exporter classifications. Then, we theoretically discuss each variable's effect on the grain SSR. According to the results, the world grain price and SSR are positively correlated, but the GDP per capita, population, input price, and substitute price show negative results. The notable result is that a change in the importer's domestic tariff has a different influence on the importer than it does on the exporter. The importer's domestic tariff reduction will cause a decrease in the importer's grain SSR, but under the equal conditions, an increase in the exporter's grain SSR.
In this study, we especially focus on the tariff variable. The domestic tariff for the importer and importer's grain SSR are positively correlated, while the exporter's tariff and grain SSR are negatively correlated; however, the result of the exporter's case is statistically insignificant. This means that the tariff reduction has a negative effect only on the importer's grain SSR. Therefore, the results based on our theoretical and empirical models support the perspective that market expansion through tariff reduction will have a negative effect on the importer's food SSR. The findings from this study may serve as a useful reference for most food-importing countries that want to implement policies for improving food SSR. This paper, however, presents some limitations and future challenges to overcome. First, we need to expand the "food" category to include not only grains, in order to analyze all of the food items like meat, seafood, and vegetables. Second, we should have a precise and distinguishable standard in the process of classifying 150 countries into importers and exporters. The inequality and polarization of the world's food SSR, as Jeon and Ahn [27] discussed, seem to be closely related to the determinants that are used in this study. Therefore, further research is required to analyze the factors affecting the inequality and polarization of the food SSR in the world.
While tariff reduction has the advantage of allowing consumers to consume more food at lower prices, it also has the side effect of shrinking sustainable food production in the country. The stable production and supply of food is essential to the sustainable growth of an economy, and this is empirically proven by the fact that most developed countries maintain a high level of food self-sufficiency. In this context, analyzing the relationship between food SSR and sustainable economic growth is also an important issue that could be the subject of a future research.
